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1.0 Executive S,ummary

Comments submitted to the FCC by several parties in response to ET Docket 94-124, RM­
8308 suggested the possible use of frequencies above 40 GHz for LMDS services in lieu of
operation at 28 GHz. One party alternatively suggested that satellite uplink operations at 28
GHz should be redesignated to frequency bands above 40 GHz. The following comments of
the National Aeronautics and Space Administration examine the feasibility and merit of these
proposals.

With respect to satellite uplink operation, NASA investipted available frequency allocations,
affects of rain attenuation and the Department of Defense rationale for use of 43.5-45.5 GHz
on some military communications satellites. With respect to LMDS operations, NASA
investigated the propagation environment at 40.5-42.5 GHz including rain effects, gaseous
attenuation, foliage attenuation and reflection/diffraction properties. Cost and availability of
frequency dependent hardware components of an LMDS system at 41 GHz were also assessed
and contrasted with 28 GHz.

In summary:

• The DoD rationale for selecting 44 GHz was based solely on strategic factors with
minimal regard to cost impact.

• The fmt global allocation for satellite uplink operations with comparable bandwidth to
that available at 28 GHz is the band 47.2-50.2 GHz

• Satellite systems would suffer an additional 20-50 dB attenuation due to rain at 49 GHz
versus 28 GHz.

• LMDS systems would suffer an additional 8 dB attenuation due to rain at 41 GHz
versus 28 GHz. 1

• Increased attenuation due to rain can be effectively compensated for in an LMDS
system with minimal impact on system characteristics while maintaining the identical
cell sizes as proposed for 28 GHz operation in all rain zones.

• Gaseous attenuation and attenuation due to foliage are no more of an impediment to
LMDS operation at 41 GHz than at 28 GHz.

Proposed LMDS systems compensate for differences in attenuation across rain
zones by varying their cell sizes, thereby varying the path length through the
rain and keeping the attenuation at edge of cell constant across rain zones.
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• No significant difference in reflection properties exist between 41 GHz and 28 GHz
that would result in measurably superior performance of an LMDS system at one band
compared to the other,

• Frequency dependent components make up only a small portion of the total cost of an
LMDS system,'

• Performance equivalent 41 GHz components are technically feasible and can be made
available at approximately a 20 % cost differential over 28 GHz components.

• 41 GHz 1WTA development is the pacing element and could be available in 18-24
months from initiation of development with nearly simultaneous large volume
production.

In conclusion, LMDS implementation in the band 40.5-42.5 GHz is technically feasible and
could be accomplished with only a modest cost differential when compared to 28 GHz. Large
volume deployment would be possible in 18-24 months. Commercial satellite uplink
operation, while technically feasible in the band 47.2-50.2 GHz, would not be economically
feasible given the high cost of overcoming the 20-50 dB increase in rain attenuation compared
to 28 GHz.

2.0 Commercial Satellite Communications Feasibility Above 40 GHz

In comments fued with the FCC on the Above 40 GHz NPRM, Cellular Vision stated that
satellite uplinks and not LMDS should be redesignated for operation in bands above 40 GHz. 2

The comments site how the Department of Defense utilizes the 44 GHz band for uplinks as
proof of the feasibility. While the military's use of 44 GHz does demonstrate the technical
feasibility it proves little about the commercial feasibility. The following sections address the
rationale why the DoD selected 44 GHz over government allocations at 30 GHz and why
satellite uplinks above 40 GHz are not commercially viable.

2.1 DoD Rationale for 44 GHz Selection

Recent discussions with the Defense Information Systems Agency, provided insight into the
selection of the band 43.5 - 45,5 GHz for uplink operations on several military

2 See Comments of Cellular Vision to ET Docket No. 94-124, RM-8308, pages 8-9.
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communications satellites.3
~ DISA stated that the decision to develop and utilize 44 GHz

technology was strictly based upon strategic factors. Covertness of small dispersed users over
land and water could only be accomplished at 44 GHz. Cold war threats possessed the
technology to defeat anti jam systems at 30 GHz but not at 44 GHz. In addition, spectrum
spreading techniques employed at 44 GHz take advantage of the 2 GHz of bandwidth available
versus only 1 GHz baQ 30.0-31.0 GHz been chosen. The military was willing (and still is) to
pay the price of operating at 44 GHz to gain the strategic benefits that it affords.

In order to achieve the strategic benefits available to the military user, the DoD chose to accept
a number of penalties that would severely binder commercial viability. The following table
compares system parameters for 44 GHz military communications satellites and proposed Ka­
band commercial systems currently med with the FCC.

Military Systems Spaceway Teledesic

Uplink Freq. (GHz) 43.5 - 45.5 29.0 - 30.0 28.6 - 29.0

Data Rate 75 bps - 1.5 Mbps 384 kbps - 1.544 Mbps 16 Kbps - 2.048
Mbps

Antenna Diameter 60 cm - 2.4 m 66cm-2m 16 cm - 1.8 m

XMTC Power 10-lOOW .5 -2W O.lW - 4.7W

Spreading Gain Yes No No

Orbit GBO GOO LEO

Link Availability >99% 99.1 - 99.97% 99.9%

E1T Diversity Yes No No

Larger antenna diameters, higher transmitter powers, use of spread spectrum techniques and
earth tenninal diversity, needed to overcome hostile force jamming, simultaneously is
available to overcome the increased attenuation at 44 GHz for military satellites. The trade
off accepted by DoD is much higher ground tenninal costs. Commercial communications
satellite systems depend on very low cost ground tenninals to enable affordable service to a
ubiquitous user base. Military users can also accept lower availability and have the option to
trade data rate for link availability. (Such would be possible for commercial users as well, but
would result in a less desirable service).

In summary, the system characteristics which make 44 GHz technically feasible for military
use are too costly to implement in commercial communications satellite systems.

:> DISA indicated their willingness to meet with the FCC in a classified briefmg.
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2.2 Frequency Allocations and Rain Attenuation Considerations

Satellite uplink operation is not pennitted in the 40.5 - 42.5 GHz band, nationally or
internationally. The band 42.5 - 43.5 GHz is allocated for FSS and could be used, but
provides only 1 GHz qompared to the 2.5 GHz that would be surrendered at 28 GHz. The
next higher suitable allocation is 47.2 - 50.2 GHz. This provides the desired BW and is
therefore the most reasonable candidate.

Rain analysis has been performed using the Crane rain model and is shown in Tables 2.2-1­
2.2-3. As one would expect, rain attenuation increases with frequency. This is true for both
satellites or LMDS operating above 40 GHz compared with 28 GHz. It is also true that
attenuation increases with higher rain rate areas (again no surprise).

The important difference when assessing suitability of above 40 GHz for either service is that
LMDS systems, by their terrestrial nature, can compensate for differences in attenuation across
rain zones by varying their cell sizes (and thereby varying the path length through the rain).
According to documentation presented by CellularVision during the NRMC,· their 28 GHz
system proposal would vary the cell size in different parts of the country in order to achieve
the desired availability in different rain climates. They have chosen to reduce the cell diameter
to compensate for higher rain losses so that they can maintain the desired availability
throughout the cell. The end result is that for LMDS, the total attenuation at the edge of the
cell is constant for all rain zones. The same holds true at 41 GHz as it does at 28 GHz. This
is shown in the Tables 2.2-1-2.2-3. There is an increase in attenuation in going to 41 GHz by
about 8 dB to maintain the same 99.9% availability, but the total attenuation stays constant
across differing rain zones when the~ cell sizes are used at 41 GHz as proposed at 28
GHz. NASA comments submitted in response to the Above 40 GHz NMRM,5 (and explained
in greater depth in Section 3.1.1 of this document) show how the 8 dB can be accommodated
through increased antenna gain with frequency and slight decrease in availability (99.84 % vs.
99.9%). .

Satellites on the other hand, whether LEO, MEa or GED, must traverse the same path length
through the atmosphere given a particular elevation angle. There is no means of varying path
length, except through higher elevation (which limits the usable service arc). The increase in
attenuation which result between differing rain zones must therefore be compensated for by
hardware changes (i.e. increased transmitter power or antenna gain/diameter).

4 Document NRMC/60 Chart NCellular Vision - The 'rain issue'"

5 Comments of the National Aeronautics and Space Administration to ET Docket No.
94-124 RM-8308- page 5.
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Tables 2.2-1-2.2-3 ~how ~t the magnitude of change between rain zones D2 and E for 47.2 ­
50.2 GHz is in excess of.s. orders of magnitude (e.g. 39.99 dB attenuation in rain zone D2 at
30° elevation versus 96.28 dB attenuation in rain zone E). The hardware penalty on the
satellite system is extreme requiring 100,000 times as much power.

Such extreme differences in attenuation would require majm hardware differences to provide
service in different parts of the country experiencing differing attenuation due to rain. This,
coupled with the 2040 dB increase in attenuation that results from operation at 49 GHz versus
29 renders the band 47.2-50.2 GHz unusable for commercial satellite communications
services, given today's or currently foreseeable satellite technologies.

The 8 dB burden on LMDS implementation at 40.5-42.5 GHz is far less constraining than the
20-50 dB burden that would be faced by satellite uplink operation in the band 47.2-50.2 GHz.

Table 2.2-1: Crane Rain Analysis

New York, NY Frequency
Rain Attenuation (dB)

29GHz 42GHz 44.5 GHz 49.5 GHz

Elevation 20.0° 28.20 46.91 50.08 55.98
Angle

30.0° 20.26 35.37 35.82 39.99

40.0° 15.77 26.16 27.92 31.18

4.8km LMDS 13.1 dB 22.6 dB
Cell

Earth Station Latitude = 40.8°
Height Above Sea Level = 0.0 km
Availability = 99.9 %
Polarization Tilt Angle = 0 0
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Table 2.2-2: 'Crane Rain Analysis - Rain Zone D3 (Memphis, IN)

Memphis, TN Frequency
Rain Attenuation (dB)

290Hz 420Hz 44.50Hz 49.50Hz

Elevation 20.00 42.60 69.06 73.40 81.43
Angle

30.00 31.90 51.34 54.51 60.33

40.00 25.59 41.12 43.65 48.29

3.2km LMDS 13.4 dB 22.3 dB
Cell

Earth Station Latitude = 35.0 0

Height Above Sea Level = 0.06 km
Availability = 99.9 %
PoIarization Tilt Angle = 0 0

Table 2.2-3: Crane Rain Analysis - Rain Zone E (Miami, FL)

Miami, FL Frequency
Rain Attenuation (dB)

290Hz 420Hz 44.50Hz 49.5 GHz

Elevation 20.00 67.65 106.51 112.65 123.92
Angle

30.0 0 53.43 83.20 87.84 96.28

40.0 0 44.44 68:-89 72.69 79.55

2.0km LMDS 13.5 dB 21.5 dB
Cell

Earth Station Latitude = 25.9 0

Height Above Sea Level = 0.0 km
Availability = 99.9 %
Polarization Tilt Angle = 0 0
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3.0 LMDS System Feasibility Above 40 GHz

The following information addresses the suitability of 40.5-42.5 GHz for future LMDS
operation and examines the technical and financial feasibility for such operation. NASA has
examined the propagation environment, frequency dependent equipment components,
equipment availability and cost impact of providing LMDS services at 41 GHz vis-a-vis 28
GHz. The following shows that future LMDS service requirements can be accommodated in a
cost effective and timely manner.

3.1 41 GHz Propagation Environment

Several factors must be considered when examining the propagation environment that would
effect LMDS system operations at any frequency. These include attenuation due to rain,
gaseous attenuation caused by oxygen molecules and water vapor in the air, foliage
attenuation, and reflective and diffractive properties of buildings, etc. in the path of radio
signals. ::Each of these are discussed below with comparison made between 28 GHz and 41
GHz.

3.1.1 Rain Effects

For comparative evaluation purposes, the characteristics of the CellularVision system as given
during the LMDS/FSS 28 GHz NRMC will be used in the calculations that follow. For
service in rain zone D2, a 4.8 km cell radius was proposed. A 13 dB rain margin is needed to
achieve 99.9% availability. For the 4.8 km radius cell, 13 dB margin translates to 2.7 dB/Ian
(13 dB/4.8 km = 2.7 dB/kIn). Using eq 1 from CCIR Report 721-2:

Where:
VR.
R
k,a

Attenuation
Rain Rate (mm/hr)
Regression coefficients used in estimating specific attenuation

(1)

Horizontally polarized signals represent the worst case due to flattening of the rain droplets as
they fall through the atmosphere. Regression coefficients, k and a, can then be interpolated
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using Table 6.3-3 (see attached) from the NASA Propagation Handbook.6

Freq. k a

28.5 0.1666 1.032

41.5 0.3765 0.9282

Using eq 1 with the regression coefficients shown in the table above for 28.5 GHz, we fmd
that an attenuation of 2.7 km/hr corresponds to a rain rate of 14.5 mm/hr. Then from Table
6.3-1 (see attached) of the NASA Propagation Handbook, for rain zone D2, a point rain rate
of 14.5 mm/hr corresponds to 99.9 % availability.

At 41.5 GHz the rain margin can be increased by 3 dB, to 16 dB, due to a 3 dB increase in
hub antenna gain over 28.5 GHz. (Appendix A demonstrates how LMDS hub antennas at 41
GHz can provide 3 dB gain over 28 GHz hub antennas and provide satisfactory coverage to the
same size cell as 28 GHz LMDS hubs.) For the same 4.8 km cell radius, 16 dB rain margin
corresponds to 3.33 dB/km available margin. Again using eq 1 and the regression coefficients
for 41.5 GHz, 3.33 dB/km attenuation occurs for a rain rate of 10.5 mm/hr. Interpolating
from Table 6.3-1, in rain zone D2, a rain rate of 10.5 mm/hr results in 99.84% availability.

It is therefore shown that in spite of increased attenuation due to rain when going from 28 GHz
to 41 GHz, nearly identical availability can be achieved over the exact same size LMDS cell.
Similar results can be shown when examining operation in other rain zones exhibiting higher
point rain rates than rain zone D2.

Table 6.3-1 shows that for 99.9% availability in rain zone D3 (Memphis TN), the rain rate, R,
is 22 mm/hr. Using R = 22 mm/hr in eq 1 and the regression coefficients in the table above,
the attenuation is calculated to be 4.05 dB/km. A 13 dB ,rain margin at 28 GHz would result
in a cell radius of 3.2 Ian (13/4.05) for 99.9% availability in rain zone D3. Assuming the
same 3.2 Ian cell size at 41 GHz with an available rain margin of 16 dB as before, results. in
5.0 dB/Ian attenuation. Again using eq 1 to now solve for R, at 41 GHz the corresponding
rain rate is:

.3765(R)·9212 = 5 dB/Ian; R = 16.22 mm/hr

Table 6.3-1 can then be used to calculate the resultant availability of 99.84%. It can be
similarly shown that in rain zone E (Miami, FL), 99.9% availability corresponds to a rain rate
of 35 mm/hr resulting in a 2.0 kIn cell radius for 13 dB margin at 28 GHz. For this same cell

6 Propagation Effects Handbook for Satellite Systems Design, NASA Reference
Publication 1082 (04) February, 1989.
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Figure 6.3-2. Rain Rate Climate Regions for the Continental u.s. and Southern Canada
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Table 6.3-1. Point Rain Rate Distribution Values (mm/hr) Versus Percent of Year
Rain Rate is Exceeded

P.I\IN Cl ml\TE REGION
Percent Minutes Uours

1\ 81 0 O2 C °1 0=°2 °3
[ F

per per

of Year G It Year Year

0.001 28.5 45 57.!) 70 78 90 108 126 HiS 66 1n5 253 5.26 0.09

0.002 21 34 4'1 54 62 72 89 106 144 51 157 220.5 10.5 0.18

0.005 l3.5 22 2£L 5 35 41 50 64.5 00.5 118 34 120.5 178 26.3 0.44

0.01 10.0 15.5 19.5 23.5 28 35.5 49 63 98 23 94 147 52.6 0.88

0.02 7.0 11.0 13.5 16 18 24 35 48 78 15 72 119 105 1. 75

0.05 4.0 6.4 0 ..0 9.5 11 14.5 22 3-2 52 0.3 47 86.5 263 4.38

0.1 2.5 4.2 5.2 6.1 7.2 9.8 14.5 22 35 5.2 32 64 526 8.77

0.2 1.5 2.8 3.4 4.0 4.8 6.4 9.5 14.5 21 3.1 21.8 43.5 1052 17.5

0.5 0.7 1.5 1.9 2.3 2.7 3.6 5.2 7.8 10.6 1.4 12.2 22.5 2630 43.8

1.0 0.4 1.0 1.3 1.5 1.8 2.2 3.0 4.7 6.0 0.7 8.0 12.0 5260 87.7

2.0 0.1 0.5 0.7 0.8 1.1 1.2 1.5 1.9 2.9 0.2 5.0 5.2 10520 175

5.0 0.0 0.2 0.3 0.3 0.5 0.0 0.0 0.0 0.5 0.0 1.8 1.2 26298 438



Table 6.3-3. Regression Coefficients for Estimating
Specific Attenuation in Step 4 of Figure 6.3-6

Frequency
(GHz) kH kV elH elv

1. 0.0000387 0.0000352 0.912 0.880

2 0.000154 0.000138 0.963 0.923
4 0.000650 0.000591 1.12 1.07

6 0.00175 0.00155 1.31 1.27

8 0.00454 0.00395 1.33 1.31

10 0.0101 0.00887 1.28 1.26
12 0.0188 0.0168 1.22 1.20

15 0.0367 0.0347 1.15 1.13

20 0.0751 0.0691 1.10 1.07

25 0.124 0.113 1.06 1.03

30 0.187 0.167 1. 02 1.00

35 0.263 0.233 0.979 0.963

40 0.350 0.310 0.939 0.929

45 0.442 0.393 0.903 0.897

50 0.536 0.479 0.873 0.868

60 0.707 0.642 0.826 0.824

70 0.851 0.784 0.793 0.793

80 0.975 0.906 0.769 0.769

90 1.06 0.999 . 0.753 0.754

100 1.12 1.06 0.743 0.744

120 1.18 1.13 0.731 0.732

150 1.31 1.27 0.710 0.711

200 1.45 1.42 0.689 0.690

300 1.36 1.35 0.688 0.689

400 1.32 1.31 0.683 0.684

* Values for k and Q at other frequencies can be obtained by interpolation
using a logarithmic scale for k and frequency and a linear scale for Q
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size at 41 GHz, thrattenuation of 16/2 = 8 dB/Jan would result from a rain rate of 26.92
mm/hr leading to'an availability of 99.86%.

These calculations along with the analysis given in Appendix A show that an LMDS system
could be fielded at 41 GHz with exactly the same number of cells as would be required at 28
GHz with almost no reduction in system availability and no change in system technical
characteristics. Properly designed 41 GHz hub antennas will result in 3 dB gain over 28 GHz
designs with no adverse impact to coverage throughout the cell (see Appendix A). By also
keeping the subscriber antenna aperture the same as at 28 GHz an additional 3 dB
improvement results which when coupled with the hub antenna gain compensates for nearly all
of the increase in rain attenuation occurring at 41 GHz (hence the slight reduction in
availability) .

3.1.2 Gaseous Attenuation

Differences in gaseous attenuation between 28 GHz and 41 GHz resulting from oxygen
molecules and water vapor is negligible. The combined attenuation for a 4.8 Ian path and a
water vapor density of 7.5 G/m2 is 0.47 dB at 28 GHz and 0.72 dB at 41 GHz. This 0.25 dB
difference is insignificant and more than offset by higher antenna gains at 41 GHz.

3.1.3 Foliage Attenuation

Foliage attenuation, whether at 28 GHz or 41 GHz will be a serious obstacle to LMDS on
paths obstructed by trees. Measurements at 28 GHz by several investigators' have found
signal attenuations in the range of 12-35 for a single tree in leaf. This would result in the
IMDS signal margin of 13 dB being exceeded for as few as a single tree on the transmission
path. Attenuation at 41 GHz through a 4 m wide tree has been calculated to be only 1 dB
greater (14 dB vs. 13 dB) than at 28 GHz (less than a 10% change).

Foliage attenuation is therefore, no more of a impediment at 41 GHz than it would be at 28
GHz.

3.1.4 Reflection and Diffraction

At least one IMDS operator plans to use reflected signals to serve subscribers in areas blocked
from line-of-sight. Analytic studies, supplemented by laboratory measurements, have been
perfonned by NASA to detennine the variation in reflection properties between the 28 and 41

7 Attenuation of Radio Signals by Foliage - LMDS/FSS 28 GHz NRMC/67.2.
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GHz frequency b~ds. Appendix B provides the detailed results of these activities.

The analytical and experimental results both indicate that the reflection of incident signals by
various building materials varies greatly based upon the type of material, the thickness of the
material, and the angle of incidence, as well as frequency. However, the interaction of these
parameters are such that cumulatively there is no significant difference in reflection properties
between the two frequency bands that would result in measurably superior performance of an
I.MDS system at one band compared to the other.

3.1.5 Propagation Environment Summary

Upon analysis of the propagation environment at 41 GHz, including rain effects, gaseous
attenuation, foliage attenuation and reflection/diffraction, only rain attenuation results in any
appreciable difference compared to 28 GHz. It has been shown that the increased attenuation
due to rain can be effectively compensated for with minimal impact on I.MDS system
characteristics while maintaining the identical cell sizes as proposed for 28 GHz operation in
all rain zones.

3.2 41 GHz Equipment Parameters

Only a relatively small portion of the system elements that drive lMDS cost are frequency
dependent. These are the RF portion of the hub transmitter (upconverter and power
amplifier), the hub and subscriber antennas, the RF portion of the subscriber receiver (low
noise block downconverter), and for LMDS systems employing two-way communications, the
RF portions of the subscriber transmitter and hub receiver.

The remaining components which make up the majority of the LMDS system cost are the
same, independent of frequency. These include for the hub, the transmitter modulators and
IF's, encoders, power supplies, distribution equipment, site costs and equipment racks, cabling
etc. At the subscriber, the demodulator and receiver IF, the decoder, user interface, power
supply and case all would stay the same.

The following sections shall examine the feasibility, cost and availability of the various
frequency dependent components.

3.2.1 RF Transmitters

At present there is a low rate production of 28 GHz helicallWTAs at a nominal 100 Watts rf
power. These lWTAs are in the price range of $65K, about half the cost going to the 1WT
itself. The lWTs are presently about 10% efficient, rf efficiency being defmed as the ratio of

13
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output rf power to the product of cathode current and voltage. The question arises as to
whether these T'WTs could be converted to operate at 41 GHz and retain their power
production.

NASA's recent experience with the development of the highly successful 32.5 GHz Cassini
tube indicates that a ~ell-established helical TWT simulator, the modified Detweiler code, is a
reliable design tool. We therefore applied this program to the conversion of the 28 GHz tube
to a 42 GHz tube.

We obtained cathode current and voltage from the manufacturer and made reasonable estimates
of the other tube parameters based on our 32 GHz experience. These parameters were then
scaled to 42 GHz. We assumed an initial helix phase velocity equal to the velocity of the
electrons in the beam (synchronous operation). Our design approach included the common
practice of decreasing the helix pitch (distance between turns) at the end of the circuit to
increase efficiency. Using a simple non-optimized linear pitch reduction, the code calculated
110 Watts output (9.2 % rf efficiency).

We then examined the 28 GHz tube in a similar analysis and found that a linear tapering of
helix pitch (phase velocity), as described above, could result in an approximate thirty Watt
power increase to 130 Watts.

It should be noted that the above analyses are conservative and fit well with most
manufacturers' fabrication schemes. More radical velocity tapering schemes, such as was used
in the Cassini development, could result in even further efficiency (power) gains. Moreover,
nothing in our design approach gave any indication of increased complexity or costs.

Our calculations verify infonnation received from tube manufacturers who estimated that a
non-optimized helical tube design, producing 120 Wrf power at 28 GHz, could be used to
produce 90 W rf power at 42 GHz. The vendors estimated that in low volume production,
such a tube at 42 GHz would cost approximately 20-25 %more than the 28 GHz equivalent
tube. Substantial reductions in cost, of the order 50 %, could be achieved if production were
in volumes of several thousand. The proven efficiency enhancement techniques described
above could be applied to increase the rf output power to at least 110 W with minimal cost
impact.

It is important to stress that while some development time would be needed to achieve
production of 41 GHz TWTA's (approximately 18-24 months), the current production volume
for 28 GHz 1WTA I S is very low and would require time to develop new manufacturing
techniques to achieve high volume production presumably needed for national LMDS
deployment. These production techniques could be put in place during the development cycle
for the 41 GHz lWTA so that high volume production would be possible upon completion of
development. In this case, time to volume production of either 28 or 41 GHz lWTA's may
not be substantially different.

14



For distributed amp,lifier h~b designs, surveys of several manufacturers (TRW, Hughes, Alpha
Industries, and Comsat) have revealed that 0.5 W SSPA's are currently available at 44 GHz
with less than a 25% cost differential over 28 GHz SSPA's. SSPA's at 41 GHz would be
readily achievable. Similarly, low power SSPA's for in the range needed for subscriber
transmitters are readily achievable at 41 GHz for 10-20% cost differential over 28 GHz.

3.2.2 AuDterunas

Hub antennas at 41 GHz are easily achievable providing increased gain for similar size/design
as at 28 GHz.

For subscriber antennas, reflector technology was preferred at both 28 and 41 GHz by the
manufacturers surveyed. Planar array implementation is slightly less efficient at 41 GHz than
at 28 GHz due to higher line losses in combining MMIC array patches.

3.2.3 RF Receivers

Receiver noise figures at or below the levels stated by LMDS proponents are readily
achievable at 41 GHz with manufacturer estimated cost differentials of zero to 25% over 28
GHz low noise receivers. Suppliers indicated their eagerness to provide 41 GHz components.

3.2.4 Equipment Performance as it Affects Spectrum Emciency

Spectrum efficiency is a function of antenna sidelobe and cross-polarization perfonnance, both
of which are directly related to antenna manufacturing tolerances. It is estimated that for the
subscriber antennas proposed by LMDS proponents, antenna manufacturing tolerances need to
be about 0.22-0.24 mm nns at 28 GHz and 0.15-0.17 nun nns at 41 GHz. Neither of these
tolerance levels is expected to be a major techniCal challenge by antenna manufacturers once
full production of the user transceivers is underway.

Historically, tolerances have been an issue with hardware that is manufactured in small
quantities. Tolerance requirements was one factor in the relatively high cost of Ku-band
equipment in the 1960's. With high volume production, such equipment now sells for 1110
the cost of the 60's, in spite of significant inflation. There is no reason to expect any different
result for 28 GHz or 41 GHz equipment.

Oscillator phase noise can degrade by as much as 3 dB at 41 GHz compared to a 28 GHz
oscillator. For a well designed receiver system, however, oscillator phase noise can degrade
by several tens of dB's without adversely impacting spectral efficiency. For a receiver system
design that is only marginally functional, that is one with a bare bones oscillator exhibiting
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poor phase noise cll,aracteristics, it is conceivable that a 3 dB degradation in stability could
result in adjacent channel interference. In such instances, it is conceivable that guard bands
between LMDS video channels could require an additional cushion. A doubling of the guard
band for the CellularVision FM video system would increase the total spectrum requirement by
only 10% should their receiver system design so warrant.

3.2.5 41 GHz Equipment Parameters Summary

The preceeding sections have shown that 41 GHz LMDS implementation is technically
achievable and can be deployed with the same cell density as a 28 GHz system. The cost
impact is therefore limited to the relatively few frequency dependent components in the LMDS
system. Surveys of manufacturers of these components have revealed that pe.rformance
equivalent 41 GHz components can be made available at approximately a 20% cost differential
over 28 GHz. Given that these frequency dependent components make up only a small portion
of the total cost of the LMDS system, the overall cost impact to lMDS deployment at 41 GHz
would be substantially less.

From a time availability standpoint, 41 GHz TWTA development is the pacing element and
could be available in 18-24 months from initiation of development with nearly simultaneous
large volume production. All other components could be available in production quantities
within this time frame.

4.0 Conclusion

NASA has assessed the suitability of using frequency bands above 40 GHz for providing
LMDS and/or commercial satellite communications services.

For LMDS it was found that there is an 8 dB penalty due to increased rain attenuation that
must be accommodated in operating at 41 GHz versus 28 GHz. Due to the cellular nature of
the LMDS systems, and the designed ability to vary cell sizes to compensate for differing rain
zone areas in maintaining constant edge of cell service availability, the 8 dB penalty is the
same for any rain zone. It was further shown that the 8 dB additional attenuation can be
accommodated by taking advantage of increased antenna gain in the hub transmitter and
subscriber antennas for the same aperture and accepting a small degradation in availability
(99.84% at 41 GHz versus 99.9% at 28 GHz.)

LMDS frequency dependent components were found to comprise a small portion of the overall
LMDS system. For these components, surveys of potential manufacturers indicate that 41
GHz components are easily achievable with the necessary performance characteristics at a cost
which is approximately 20 % greater than corresponding components at 28 GHz. The overall
system cost differential would be substantially less. The longest lead time hardware
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component would be the hub transmitter lWTA with an 18-24 month development time line.

Overall it was found that an LMDS system could be fielded at 41 GHz, fully equivalent and
having the same number of cells as at 28 GHz, with modest cost and schedule impact.

For commercial satellite communications, it was found that although military use of the 44
GHz band for uplink operations demonstrates the technical feasibility of using frequency bands
above 40 GHz for satellite communications, the economic penalties would preclude such use
for commercial applications at the present time. DoD willing accepts the high cost of
achieving the strategic benefits of 44 GHz operation for reasons of national security.
Commercial satellite communications systems must compete on a cost basis with terrestrial
alternatives as well as foreign satellite competition and can not employ the same kind of
hardware compensation used by the military in a manner which would provide competitive
services.
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APPENDIX A

LMDS Hub Antennas at 41 GHz Can
Provide Satisfactory Coverage to the Same

Size Cells as 28 GHz LMDS Hubs

Rodney L. Spence
NASA Lewis Research Center
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LMDS Hub AntenDu at 41 GHz Can Pro"ide Satisfactory CO"erage to the Same Size Cells U 28 GHz LMDS Hubs

The types ofhub-to-subscriber antennas proposed by LMDS proponents include sector hom and bi-conical hom antennas designed
to provide nearly omni-directional coverage in the azimuthal plane and halfpower beamwidths (HPBW) ranging from about 6°_15° in
the elevation plane. For the case of sector hom antennas in which the azimuth coverage ofan individual hom is less than 360°
(typically 60°-120°), the hub antenna would consist of an appropriate nwnber of sector horns arranged in a circular configuration such
that the composite pattern is omni-directional in azimuth.

In comparing operation of LMDS at 28 GHz with that at 41 GHz, certain LMDS proponents have claimed that the 41 GHz hub antenna
must have an equivalent azimuth/elevation coverage and sidelobe pattern (i.e. same radiation intensity pattern) as the 28 GHz hub in
order to ensure coverage of subscribers both close to and distant from the hub transmitter site. Under this assumption, the 41 GHz
antenna will therefore require different dimensions from the 28 GHz design and the directivity of the two antennas will be exactly equal
since antennas having the same power pattern have the same directivity regardless of frequency. Furthermore, by considering the
fact that rain losses and free space losses are higher at 41 GHz, one can arrive at the mistaken conclusion that - all other things being
equal - the 41 GHz hub cannot provide the same quality of service (as measured by the received CNR at the subscriber) in the same
size cell as the 28 GHz hub and therefore smaller cel! sizes are required at 41 GHz (along with more cells and more hub transmitters to
provide service to the same overall coverage area). However, this conclusion is based in part on the/Qlse assumption that the 41
GHz hub antenna must have the same radiation intensity pattern - and therefore same directivity - as the 28 GHz antenna. This
need not be true, however. What is important is that whatever gain and sidelobe characteristics the 41 GHz antenna may have, they
are sufficient to provide the required CNR performance for all subscribers within the cell (taking into account the higher rain fades).
(Note also that at 41 GHz, the sky-oriented sidelobe suppression of the 28 GHz design would not necessarily be required.) With
proper design, a 41 GHz hub antenna with higher gain can provide the same quality of service to the same size cell as a 28 GHz hub.

To illustrate, a sector hom antenna was designed using the design equations in [1] which has a directivity of 17.4 dBi, gain of 15.2 dBi
(assuming a 60% antenna efficiency), HPBW in the elevation plane of6.4°, and HPBW in azimuth of about 68°. Six such sector horns
arranged in a circle would form a composite beam which is onmi-<iirectional in azimuth. The dimensions of the hom and a plot of its
relative gain pattern in the elevation plane is shown in Figure 1. Since the wavelength at 41 GHz is 0.73 em, the absolute dimensions of
the hom would be about 22 cm axial length with an aperture ofabout 6.6 cm x 0.66 cm (note that the aperture width is very narrow in
order to give the large beamwidth in azimuth). The gain of 15.2 dBi is about 3 dB higher than the 12 dBi gain of the 28 GHz design.
Using the 15.2 dBi sectoral hom anterma, an analysis was conducted to determine the impact of the pattern on the CNR performance
at various distances from the cell center. For computation purposes, the following parameters were ehosen

- cell size is 3-mile (4.8 krn) radius (same size as 28 GHz system)

- the hub antenna is asswned to be approximately 100 feet (30.48 meters) above.ground level on top of a building or tower

- the main beam of the hub antenna is asswned to be tilted dov.TIward 1° below the horizontal
(assuming a 4.8 krn radius cell, this results in the boresight axis intersecting at a point 1750 meters from the cell center)

- a specific rain attenuation ofa =3.33 dBlkm is asswned at 41.5 GHz which gives 99.84% availability in rain zone D2
(this compares with a specific rain attenuation of 2.7 dBlkm at 28 GHz for 99.9010 availability)

- the subscriber antenna gain GR is also asswned to be 3 dB higher at 41 GHz than at 28 GHz giving a receive gain of 35 dBi

The remaining performance parameters were taken from the CellularVision link budget contained in the docwnent, "LMDS is not Viable
in the Frequency Bands above 40 GHz". These are listed below:

- PT = 20 dBW (l00 W) peak = hub transmitter power

-~ =7 dB =TWT backotffor linearity
- Lch =17 dB =power reduction due to power sharing among 50 channels (i.e. a single TWT is used for all 50 20-MHz channels)

- LIme = I dB =transmit line loss

- Nt =-125.4 dBW =receiver thermal noise level in 186 MHz channel bandwidth assuming 6 dB receiver LNA noise figure

- Required CNR of 16 dB
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The equation for the received CNR (per channel) at a given subscriber location is then given by:

(all quantities expressed in dBs)

where in addition to the parameters defined above,

G,{O) is the gain of the hub antenna in the direction of the subscriber and ais the off-axis angle ofthe subscriber from the main beam
axis of the hub antenna (main beam ofhub is assumed to be tilted 10 below the horizontal)

l.rs is the free-space loss = A.2/(4'~Z)2 where A. is the wavelength (in meters) and Z is the range (expressed in meters)

Lrain is the rain loss =Z*a where Z is the range (in km) between subscriber and hub antenna and a is the specific rain attenuation

Using this equation, the received CNR as a fimction ofdistance from the cell center was computed. The results of the analysis are
shown in the figw-es below. Figw-e 2(a) shows the received CNR vs distance from the cell center taking into account the sidelobe
pattern of the hub sector horn antenna, the variation in free-space loss, and the variation in rain loss as one moves away from the
center. It can be seen that the CNR requirement of 16 dB is met all the way out to the edge of the cell. The CNR at the very edge of the
cell is 16.15 dB.

Figure 2(b) shows the associated hub antenna gain. The peak gain occurs at a distance of about 1750 meters, but beyond that point
the gain is very nearly flat all the way out to the edge of the cell. This is because the off-axis angle of those points remains close to zero
as shown in Figure 2(c). Subscribers close in to the center experience little gain from the hub antenna, but their CNR is still well above
40 dB since their range losses and rain losses are very small compared to those farther out as shown in Figure 2(d).

Heuce. by proper detilD and placement of tbe hub antenna, the required CNR performance can be met or esceeded throughout
the entire LMDS ceU wben operatinl at 41 GHz and there is no need to go to a smaller cell size. (Blockage due to buildings,
trees, etc. will of course prevent reception at every point just as it will at 28 GHz.)

I Antenna Theory Analysis and Design, Constantine A Balanis, Chapter 12.
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Figure I. Plot of Sectoral Hom Antenna Pattern in the Elevation Plane

J

The dimensions of the hom are:
PI =axial length ofhom =301..

b I = length along aperture = 91..

a = width ofaperture = O.9A.
If' =flare angle =17°

(at41 Ghz. A. = 0.73 em) .

The gain and bearnwidth characteristics of the hom are:
9a =HPBW in the elevation plane = 6.4°

aAZ = HPBW in the azimuth plane = 68°
D = Directivity = 17.4 dBi
G =Gain = 15.2 dBi (6()O!tI efficiency)

Since the azimuth HPBW is about 60°. six sector horns are sufficient to give nearly omnidirectional coverage in azimuth.
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(Note: the radial direction represents relative gain (dB down from peak) with the radial grid lines at 5 dB increments)
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